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The oocyte is a unique cell type that undergoes
extensive chromosome changes on its way to fertil-
ization, but the chromatin determinants of its fate
are unknown. Here, we show that Polycomb group
(PcG) proteins of the Polycomb repressive complex
2 (PRC2) determine the fate of the oocyte in
Drosophila. Mutation of the enzymatic PRC2 subunit
Enhancer of zeste (E(z)) in the germline abolishes
spatial and temporal control of the cell cycle and
induces sterility via transdetermination of the oocyte
into a nurse-like cell. This fate switch depends on
loss of silencing of two PRC2 target genes, Cyclin E
and the cyclin-dependent kinase inhibitor dacapo.
By contrast, the PRC1 component Polycomb (Pc)
plays no role in this process. Our results demonstrate
that PRC2 plays an exquisite role in the determina-
tion of the oocyte fate by preventing its switching
into an endoreplicative program.
INTRODUCTION
In sexually reproducing organisms, propagation of the species
relies on germ cells that produce gametes. Germ cells are
specialized cells that undergo mitosis and meiosis during their
life cycle (Sassone-Corsi and Fuller, 2011) and face several
fate decisions during development. Starting from the tip of the
germarium of the Drosophila ovary, germ cells undergo several
fate choices that ultimately result in a stage 3 egg chamber
containing a fully determined oocyte and 15 endocycling nurse
cells (Figure 1A) (Spradling, 1993). Despite the great interest in
understanding this process, the chromatin determinants that
distinguish the oocyte from the nurse cells are unknown. PcG
proteins are transcriptional repressors that regulate various
developmental processes by silencing genes via posttransla-
tional modification (PTM) of histones. PcGs are divided into
two main complexes, named PRC1 and PRC2. PRC2 is highly
conserved in invertebrates, vertebrates and plants, while the
canonical PRC1 is not present in plants and nematodes (Whit-
comb et al., 2007). Different variants of the PRC2 complex
have been purified, and all of them have been shown to include
the SET-domain-containing histonemethyltransferase Enhancer
of zeste (E(z)). E(z) methylates histone H3 on lysine 27
(H3K27me3), and it requires two other components for full cata-
lytic activity: Suppressor of zeste 12 (Su(z)12) and Extra sexDevelopcombs (Margueron and Reinberg, 2011). The PRC1 and PRC2
complexes functionally regulate homeotic genes, cell cycle
genes, and the expression of imprinted genes, as well as cell
proliferation, X chromosome inactivation, and primordial germ
cell development (Ezhkova et al., 2009; Martinez and Cavalli,
2006; Sawarkar and Paro, 2010; Schwartz and Pirrotta, 2007;
Yang et al., 2009; Yokobayashi et al., 2013). In addition, in
Drosophila and C. elegans, PRC2 is required in the germline
(Birve et al., 2001; Patel et al., 2012; Phillips and Shearn, 1990;
Strome, 2005). In particular, a previous study showed that E(z)
mutants can induce sterility (Phillips and Shearn, 1990). Here,
we have investigated the mechanism by which E(z) protein con-
trols oocyte cell fate determination and female fertility.RESULTS AND DISCUSSION
PRC2-Specific Requirement for Oocyte Fate
Determination
The function of E(z) in the Drosophila germline was analyzed by
conducting an RNA interference (RNAi) knockdown (KD), by
generating E(z) null mutant germline clones, and by using an
E(z) temperature-sensitive (TS) allele. Nanos-Gal4 (nos-G4)-
mediated E(z)-KD in the germline depleted E(z) protein from
germline cells to undetectable levels (Figures 1B and 1C), while
E(z) expression in follicle cells (FC) was unchanged (Ni et al.,
2011). The KD caused complete sterility: oogenesis was arrested
before the vitellogenic stages (Figure S1 available online;
compare Figure S1A to Figure S1B and Figure S1C to Fig-
ure S1D), leading to the presence of degenerating stage 6 egg
chambers in the ovary (see the yellow circle in Figure S1D). A
similar phenotype was observed in E(z) null mutant germline
clones (see the yellow circle in Figure S1G). To address whether
other PRC2 components are required for ovary development,
null mutant germline clones for Su(z)12 were generated. Loss
of Su(z)12 function caused degeneration of the ovary prior to
the vitellogenic stages (see the yellow circle in Figure S1I), which
resulted in sterility, as reported elsewhere (Birve et al., 2001).
Interestingly, E(z)-KD egg chambers did not contain an oocyte
nucleus. Instead, 16 nurse-like cells were consistently detected
(compare Movie S1 to Movie S2). In contrast, neither null mutant
germline clones nor RNAi for Pc, a PRC1 member, showed ste-
rility phenotypes or obvious defects in the oocyte (Figure S1K
and Figure S1W). Together with previous reports (Gandille
et al., 2010; Li et al., 2010) indicating that germline mutants for
the other PRC1 components polyhomeotic, Posterior sex
combs, and Suppressor of zeste 2 do not present defects in
the germline, these data suggested a specific, PRC1-indepen-
dent requirement for PRC2 in oocyte development.mental Cell 26, 431–439, August 26, 2013 ª2013 Elsevier Inc. 431
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Figure 1. Depletion of E(z) Causes Sterility but Does Not Affect Oocyte Specification in Regions 2a and 2b
(A) A schematic diagram showing a cross-section of an ovariole from the germarium to stage 6. Germline is drawn in green, and somatic tissue is in blue.
(B) An ovariole up to stage 3 showing a uniform expression of E(z) in the germline and the FC.
(C) E(z)-KD ovariole up to stage 4 showing specific loss of E(z) staining in the germline and uniform expression in the FC.
(legend continued on next page)
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PRC2 Controls Drosophila Oocyte Cell FatePRC2 Is Required for Oocyte Determination, Not for
Specification of the Preoocyte Fate
The next step was to determine when the oocyte switches fate
following PRC2 inhibition. The oocyte is normally specified in
the germarium from a syncytium of 16 germ cells. These cells
are generated by four mitotic divisions of a single cystoblast
(the offspring of a germ stem cell) with incomplete cytokinesis
(Bate and Arias, 1993) (Figure 1A). The oocyte faces a major
fate decision, since it has to exit the mitotic cycle and undergo
meiosis to produce haploid gametes. In contrast to males, how-
ever, where all 16 cells will enter meiosis and become gametes,
only one cell in Drosophila females will become the future
oocyte, whereas the other 15 will enter an endocycle, becoming
nurse cells and nurturing the oocyte until the late stages of
oogenesis. Although PRC1 components were previously shown
to control male germline differentiation (Chen et al., 2005), anal-
ysis of E(z)-KD in the male germline showed no obvious defects
in the mitotic/meiotic switch or in male fertility (data not shown),
suggesting that, in contrast to the female germline, PRC2 is
dispensable in the male germline.
Oocyte determination involves two steps (Figure 1A). First, the
future oocyte is specified in the germarium at regions 2a and 2b,
concomitantly with the active transport of messenger RNAs
(mRNAs) to the cell. Conditions disrupting active mRNA trans-
port, such as those of egalitarian or Bicaudal D (BicD) mutants,
or colchicine treatment, prevent the accumulation of specific
oocyte markers and result in the generation of egg chambers
containing 16 endocycling cells (Mach and Lehmann, 1997;
Suter and Steward, 1991). In the second phase of oocyte deter-
mination, tight control of cell cycle genes and oocyte polarization
genes drives the oocyte to its final transcriptionally silent and
compacted karyosome fate by region 3 (Hong et al., 2003; Huynh
et al., 2001; Lilly and Spradling, 1996; Mach and Lehmann, 1997;
Mata et al., 2000). Specification of preoocytes at regions 2a and
2b can be traced by the localization of two specific markers
(Lantz et al., 1994; Mach and Lehmann, 1997; Suter and Stew-
ard, 1991), Orb and BicD, around the nucleus, as well as by
the assembly of a synaptonemal complex (SC) (Page et al.,
2001) (compare ellipses in Figures 1D, 1F, and 1H to those in Fig-
ures 1E, 1G, and 1I, respectively). Whereas the initial distribution
of preoocyte markers is correct in 90% of the E(z)-KD ovarioles
(n = 50), preoocytes failed to become fully determined, as shown(D) WT ovariole from germarium to stage 3 (the contour of DAPI staining is ind
posteriorly in stage 3 egg chamber (arrowhead).
(E) E(z)-KD ovariole from germarium to stage 4. Orb is properly localized in regions
egg chambers (arrowhead).
(F) WT ovariole from germarium to stage 3 showing proper BicD localization in
(arrowhead).
(G) E(z)-KD ovariole from germarium to stage 3 showing proper BicD localization
(H) WT ovariole from germarium to stage 4 showing the localization of the SC C(3
(arrowhead).
(I) E(z)-KD ovariole from the germarium to stage 4, showing proper SC C(3)G locali
and stage 4 egg chambers (arrowhead).
(J) Stage 4 WT egg chamber showing a compact karyosome (arrow) identified b
(K) Stage 4 E(z)-KD egg chamber showing a nurse-cell like oocyte (arrow) identifi
(L) Stage 4 null E(z)731 clone (identified by the lack of green fluorescent protein [GF
SC C(3)G staining.
(M) Stage 4 null Su(z)124 clone (identified by the lack of GFP in the germline) sh
Scale bar, 10 mm.
See also Figure S1.
Developby the loss of Orb, BicD, and C(3)G by stages 3 and 4 (as
observed in 80% of the egg chambers, n = 50) (arrowheads in
Figures 1E, 1G, and 1I). At stage 4, E(z)-KD oocytes could still
be identified by leftover SC C(3)G staining (arrow in Figure 1K).
However, they did not present compact karyosomes and rather
resembled nurse cells in size and shape, implying that they had
undergone a similar number of endocycles (compare Figure 1J
to Figure 1K; Figures S2A–S2H). Experiments using E(z) and
Su(z)12 germline null clones and an E(z) TS allele confirmed the
proper specification of the oocyte (Figures S1M–S1V) and its
failure to become fully determined in the absence of E(z) and
Su(z)12 (Figures 1L and 1M and yellow circles in Figures S1O–
S1T; for quantifications, see Experimental Procedures), thereby
confirming the specificity of E(z)-KD, and confirming that
polyploidy of the oocyte (arrow in Figures 1J–1M) is not a conse-
quence of defects in the first step of oocyte specification. These
data show that the oocyte switches into a nurse cell-like fate
because of failure in the determination step of oocyte specifica-
tion in the absence of PRC2.
PRC2 Acts by Direct Repression of the CycE and dap
Genes
To understand the mechanism by which E(z) controls germline
fate, the distribution of H3K27me3 and the expression of Su(z)
12, another PRC2 component, were examined by immunofluo-
rescence (IF). In early stage wild-type (WT) ovaries, H3K27me3
was present in all ovarian cells; however, by stage 4 of oogen-
esis, the H3K27me3 levels in nurse cells were markedly reduced
(Figure 2A, arrowheads), although they remained unchanged in
the FC and in the oocyte throughout oogenesis (Figures 2A,
arrow, and 2G). In contrast, in E(z)-KD ovaries, H3K27me3 sig-
nals were strongly reduced in the germline but not in FC (Figures
2B and 2G; refer to Figure 1A to identify soma and germline).
Consistent with a crucial role for E(z) in PRC2 integrity, Su(z)12
was also lost in the germline of E(z)-KD ovaries (compare Figures
S2I and S2J to Figures S2K and S2L). In contrast to H3K27me3,
the distribution of H3K27 acetylation (H3K27ac), which is cata-
lyzed by a different enzyme (Tie et al., 2009), was present in all
ovarian cells, and its distribution was not affected by E(z)-KD
(Figures 2C and 2D). Consistent with the lack of phenotypic
effects upon germline inactivation, Polycomb, an essential
member of the PRC1 complex, was very weakly detected inicated by white dots). Orb localizes in regions 2a and 2b (yellow ellipse) and
2a and 2b (yellow ellipse) but fails to localize posteriorly in stage 3 and stage 4
regions 2a and 2b (yellow ellipse) and posteriorly in stage 3 egg chamber
in regions 2a and 2b (yellow ellipse) but mislocalization in stage 3 (arrowhead).
)G in the germarium (yellow ellipse) and in stage 3 and stage 4 egg chambers
zation in the germarium (yellow ellipse) but very weak or absent signal in stage 3
y SC C(3)G staining.
ed by leftover SC C(3)G staining.
P] in the germline) showing a nurse-cell like oocyte (arrow) identified by leftover
owing a nurse-cell like oocyte (arrow) identified by leftover SC C(3)G staining.
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(A) WT ovariole up to stage 4 showing that
H3K27me3, a PTM associated with E(z), is uni-
formly present in the FC and in the germline until
stage 3 and drops in the nurse cells (arrowhead) by
stage 4 but not in the oocyte (arrow).
(B) An E(z)-KD ovariole up to stage 4 showing
specific loss of H3K27me3 staining in the germline
and uniform expression in the FC.
(C) WT ovariole up to stage 3 showing a uniform
expression of H3K27ac in the germline and the FC.
(D) An E(z)-KD ovariole up to stage 3 showing no
mislocalization of H3K27ac.
(E) WT ovariole up to stage 4 showing that
H3K4me3, a PTM associated with gene activation,
is uniformly expressed in the FC and in the germ-
line but not in the oocyte at stage 4 (arrow). The
oocyte is identified by DAPI costaining (data not
shown).
(F) An ovariole showing that ectopic H3K4me3 is
present in the E(z)-KD oocyte at stage 4 (arrow).
The oocyte is identified by C(3)G costaining (data
not shown).
(G) Measured intensities from confocal sections
relative to region 3 for H3K27me3 in green and
H3K4me3 in red. The same intensities were
measured in E(z)-KD ovaries (dashed lines). Error
bars represent SEM. Scale bar, 10 mm.
See also Figure S2.
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PRC2 Controls Drosophila Oocyte Cell Fatethe germline (Figures S2M and S2N), and its distribution was
unaffected by E(z)-KD (data not shown). Trimethylation of his-
tone H3 on lysine 4 (H3K4me3), a PTM associated with genes
that are being actively transcribed (Santos-Rosa et al., 2002),
was also analyzed. In WT tissue, the H3K4me3 signal was
present in all FC and nurse cells, but its abundance was reduced
in the oocyte from stage 3 (Figures 2E and 2G), the develop-
mental stage at which the oocyte nucleus is completely silenced
and no transcription is detected. By contrast, H3K27ac and
H3K4me1 were detected in the oocyte up until the late stages
of development (Figures S2O and S2P), suggesting the possibil-
ity that enhancer regions may be bookmarked by histone
modifications during oocyte maturation (Bonn et al., 2012;
Kharchenko et al., 2011).
The transformed oocytes in E(z)-KD ovaries (identified by re-
sidual C(3)G staining) still retained H3K4me3 staining at stage
3 (arrow in Figures 2F and 2G), consistent with a fate switch
from a transcriptionally silent karyosome to an active one.
Indeed, the presence of H3K4me3 staining in the E(z)-KD oocyte
is not simply a consequence of the loss of the H3K27me3 PTM
because, in the E(z)-KD ovary, the levels of H3K4me3 in region
3 were not higher than those in the WT, even though
H3K27me3 was absent (Figure 2G). Instead, these data suggest
that, in contrast to the observations in WT oocytes, the levels of
H3K4me3 do not decrease from stage 2 onward upon E(z)-KD.
In region 2b of the WT germarium, the cyst contains 16 cells
that have exited the mitotic cycle, consistent with the loss434 Developmental Cell 26, 431–439, August 26, 2013 ª2013 Elsevier Inc.of mitotic Cyclin A (CycA) and of phos-
phorylation of histone H3 on serine 10
(H3S10P). This is also consistent withthe absence of 5-ethynyl-20-deoxyuridine (EdU) incorporation,
which is normally observed in S-phase cells (Figures 3A, 3C,
3M, 3N, and S3K). At this stage, the 16 cells face a new fate de-
cision, since shortly afterward (region 3), 15 of them (the nurse
cells) will enter the so-called endocycling phase and become
polyploid, while the future oocyte reaches its fully determined
state and progresses through meiosis. In E(z)-KD ovaries,
ectopic S phases were observed in region 2b, as detected by
EdU incorporation (Figures 3B and 3M) in the absence of mitotic
markers (Figures 3D, 3N, and S3L), suggesting that these
S-phase cells might be endocycling. The endocycles are driven
by alternating pulses of the Cyclin E (CycE)/CdK2 complex and
the kinase inhibitor Dacapo (Dap). Each nurse cell, in a cell
autonomous manner, establishes a ‘‘flip-flop’’ mechanism,
where pulses of CycE/CdK2 drive it into S phase, followed by
pulses of Dap, which reset the cycle to G1 (de Nooij et al.,
2000; Edgar and Orr-Weaver, 2001; Jones et al., 2000; Lilly
and Spradling, 1996). Accordingly, CycE and Dap were detected
in regions 1, 2a, and 3 of the germarium in WT ovaries but not in
region 2b (Figures 3E, 3G, 3O, and 3P). Strikingly, however,
ectopic expression of CycE and Dap was detected in region
2b upon E(z)-KD, in 90% (n = 25) and 80% (n = 37) of cases,
respectively (Figures 3F, 3H, 3O, and 3P, and S3A–S3D, yellow
ellipses). In order to ascertain whether the ectopic expression
of CycE and Dap reflected transcriptional defects, we performed
in situ hybridization against CycE and dap mRNA. Ectopic tran-
scription of CycE and dap mRNA was detected in region 2b in
WT E(z)-KD
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PRC2 Controls Drosophila Oocyte Cell FateE(z)-KD germarium compared toWT (Figures 3I–3L, 3Q, and 3R).
Region 2b cells were thus actively engaged in a proper endo-
cycle, as also confirmed by the out-of-phase (flip-flop) expres-
sion of EdU (S phases) and Dap (Figures S3E–S3H). E(z) germline
clones also showed Dap overexpression in E(z) null cells of
region 2b (Figures S3I and S3J), confirming the results obtained
with E(z)-KD.
An important question is whether CycE and dap are direct
targets of E(z). To test this possibility, chromatin immunoprecip-
itation (ChIP) assays were performed using anti-E(z) and anti-
H3K27me3 antibodies followed by quantitative real-time PCR
(qPCR) along the genomic loci of dap and CycE, comparing
WT with E(z)-KD ovaries. The results show that both the dap
and CycE loci (Figures 4A–4D, S4A, and S4B) were enriched
for E(z) and its H3K27me3 repressive mark. Importantly, this
enrichment was specifically reduced in E(z)-KD ovaries (Figures
4A–4D, blue line; Figures S4A and S4B), showing that E(z) bind-
ing and deposition of H3K27me3 occur in germline cells.
Since PRC2 components regulate many genes during devel-
opment, we next examinedwhether dap andCycE are the critical
targets that must be repressed by PRC2 tomaintain oocyte iden-
tity. Simultaneous overexpression ofCycE and dap complemen-
tary DNAs (cDNAs) in a WT germline background pushed the
oocyte toward a nurse-like polyploid cell fate (Figures 4E–4H)
and resulted in sterility. Overexpression of either CycE or Dap
alone was not sufficient (data not shown), showing that ectopic
expression of both genes can switch the oocyte to the endocycle
program, mimicking the E(z)-KD phenotype.
DISCUSSION
Together, our data show that PRC2 controls oogenesis by direct
corepression of CycE and dap in a time window that stretches
from region 2b to region 3. This prevents improper endocycling,Figure 3. Depletion of E(z) Induces Ectopic DNA Replication in Region
(A) WT germarium showing S phases labeled by EdU incorporation in region 1 b
staining (red).
(B) E(z)-KD germarium showing S phases labeled by EdU incorporation in region 1
Vasa antibody staining (red).
(C and D) WT germarium (C) and an E(z)-KD germarium (D) showing mitotic CycA
antibody staining (red).
(E) WT ovariole showing CycE in region 1 (arrowhead) of the germarium and stage
identified by synaptonemal complex C(3)G staining (red).
(F) E(z)-KD germarium showing mislocalization of CycE in region 2b (yellow ellipse
(red), showing colocalization with CycE (arrow).
(G) WT ovariole showing proper localization of Dap in region 1 (arrowhead) of the
labeled by Vasa antibody staining (red).
(H) E(z)-KD germarium showing mislocalization of Dap in region 2b (yellow ellipse)
(I)WTovariole showingCycEmRNA localization in thegermariumandstage2eggch
(J) E(z)-KD ovariole showingCycEmRNA localization in the germarium and stage 2
(K)WTovariole showingdapmRNA localization in thegermarium and stage 2 egg c
(L) E(z)-KD ovariole showing dapmRNA localization in the germarium and stage 2
(M) Fraction of WT and E(z)-KD germaria showing EdU incorporation for a given
(N) Fraction of WT and E(z)-KD germaria showing the correct CycA staining for a
(O) Fraction of WT and E(z)-KD germaria showing CycE staining for a given regio
(P) Fraction of WT and E(z)-KD germaria showing Dap staining for a given region
(Q) Intensities forCycEmRNA, measured from confocal sections of WT and E(z)-K
E(z)-KD germaria.
(R) Intensities for dap mRNA, measured from confocal sections of WT and E(z)-K
E(z)-KD germaria. Error bars represent SEM. Statistical significance was calculat
See also Figure S3.
436 Developmental Cell 26, 431–439, August 26, 2013 ª2013 Elseviebefore the oocyte becomes fully silenced and determined by
stage 3. Interestingly, E(z) levels rapidly drop in the germline at
stage 4, suggesting that the continuous presence of PRC2 is
no longer required after oocyte determination. This observation
is consistent with the fact that depletion of E(z) after stage 3 using
a late Gal4 driver does not affect oocyte fate (Figures S4E and
S4F).
Although differences between PRC1 and PRC2 have been
previously reported in mammals (Lessard et al., 1999; Sauva-
geau and Sauvageau, 2010) and Drosophila (Richter et al.,
2011), it is crucial to understand whether the molecular differ-
ences reflect specific biological roles for each of the two
complexes. Here, PRC2 was shown to control oocyte cell fate
determination, whereas PRC1 components, such as Pc, had
no obvious function in the oocyte, consistent with absence of
Pc from the germline (Figure S2M and S2N). Intriguingly, a
different situation is seen in the flymale testis, where PRC1 com-
ponents are required in the germline (Chen et al., 2011) while
PRC2 is dispensable. Therefore, the production of gametes is
a critical biological function that separates the function of these
two complexes.
Although a few genes that are responsible for oocyte deter-
mination have been identified previously, none is known to act
on chromatin. Our identification of PRC2 as a chromatin effector
complex that is required to fix the oocyte fate offers the possi-
bility of starting to dissect the molecular mechanisms that
transduce the early asymmetry between the preoocyte and the
surrounding cells into a terminally determined fate.
EXPERIMENTAL PROCEDURES
Genetics, Transgenes, and Fly Strains
Mitotic germline stem cell clones of loss-of-function mutants were generated
using the Flippase/Flippase recombination target (FLP-FRT) technique. For
clone generation, E(z)731 FRT2A, Su(z)124 FRT2A (J. Mueller), and PcXT1092b
ut not in region 2b (yellow ellipse). The germline is labeled by Vasa antibody
and in region 2b (yellow ellipse). Here, as well as in (A), the germline is labeled by
in region 1 but not in region 2b (yellow ellipse). The germline is labeled by Vasa
1 egg chamber but not in region 2b (yellow ellipse). The oocyte in region 2b is
). The oocyte in region 2b is identified by synaptonemal complex C(3)G staining
germarium and region 3 but not in region 2b (yellow ellipse). The germline is
. Here, as well as in (G), the germline is labeled by Vasa antibody staining (red).
amber.Note low/undetectable levelsofCycEmRNA in region2b (yellowellipse).
egg chamber. Note misexpression ofCycEmRNA in region 2b (yellow ellipse).
hamber. Note low/undetectable levels ofdapmRNA in region 2b (yellow ellipse).
egg chamber. Note misexpression of dap mRNA in region 2b (yellow ellipse).
region. Note extra S phases in region 2b in E(z)-KD germaria.
given region.
n. Note CycE misexpression in region 2b in E(z)-KD germaria.
. Note Dap ectopic expression in region 2b in E(z)-KD germaria.
D germaria relative to region 1. NoteCycEmRNAmisexpression in region 2b in
D germaria relative to region 1. Note dap mRNA misexpression in region 2b in
ed using an unpaired t test. **p < 0.005; and ****p < 0.0001. Scale bar, 10 mm.
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Figure 4. Dap and CycE Are Directly Bound
and Repressed by E(z) to Control Oocyte
Cell Fate
(A and B) Enrichment for H3K27me3 in WT (red)
compared to the E(z)-KD (blue) determined by
quantitative ChIP (qChIP) on dap and CycE genes.
ChIP signals (represented as fold changes) were
normalized to a negative control from the PGRP-
LE gene. The genomic location of the dap and
CycE genes are shown at the bottom.
(C and D) Binding of E(z) in WT (red) compared to
the E(z)-KD (blue) determined by qChIP on dap and
CycE genes. ChIP normalization and schematic
annotations are as in (A) and (B).
(E) DAPI staining of a stage 4 egg chamber
showing (arrow) the presence of a polyploid
oocyte upon CycE and Dap overexpression.
(F) C(3)G staining of a stage 4 egg chamber
showing (arrow) the reduction of C(3)G upon CycE
and Dap overexpression.
(G) DAPI staining of a stage 4 egg chamber
showing (arrow) the presence of a polyploid
oocyte upon CycE and Dap overexpression.
(H) H3K4me3 staining of a stage 4 egg chamber
showing (arrow) the persistence of H3K4me3 in
the defective/endocycling oocyte upon CycE and
Dap overexpression. The oocyte is identified by
C(3)G costaining (data not shown). Error bars
represent SEM.
See also Figure S4.
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PRC2 Controls Drosophila Oocyte Cell Fatealleles were crossedwith a hsFLP;Ubi-GFP FRT2A stock. An unmarked FRT2A
stock was used as a WT control. Third instar larvae of the right genotype were
heat shocked (37C for 1 hr; heat shock performed on 3 consecutive days),
and then adults were dissected 10 days after hatching (ah). Clones dissected
later than 10 days ah accumulated stronger cell cycle defects, with polyploidy
starting even before region 2b; therefore, we carefully dissected flies at 9 to
10 days ah. The oocyte polyploidy phenotype was quantified by counting
stage 4 egg chambers from null clones (dissected from flies 10 days ah).
Due to the stronger effect of the null alleles compared to KD, stage 4 egg
chambers showed degeneration phenotype in 21% of the E(z) and 9% of the
Su(z)12 clones, compromising assessment of the oocyte polyploidy, and
were therefore excluded from the quantification of polyploidy. Of the remaining
E(z) and Su(z)12 null clones, 32% and 23%, respectively, showed a polyploid
oocyte while 6% and 13%, respectively, showed a partial polyploidy. More-
over, we observed also some defects in the early regions of the germarium
in 12% of the E(z) null clones; 47 E(z) null clones and 28 Su(z)12 null clones
were examined. This indicates that null clones globally have a more severe
phenotype (early degeneration) compared to KDs but that the dominant
phenotype is still the transformation of the oocyte into a nurse-like fate. The
following fly strains were used in the article: E(z) TRIP #33659 and Pc TRIP
#33622. The following drivers were used for inducing RNAi in the germline:
BL#25751 (Nos-Gal4) and Cog-Gal4 (drives Gal4 from stage 2/3 onward) (V.
Barbosa). The flies of the right RNAi genotype were kept 3 to 4 days at 29C
along with WT flies and then dissected (25C also gave similar phenotypes).
The driver BL#31777 was used to overexpress CycE and Dap in the germline.
The UASp-Cyclin E and UASp-dacapo constructs were created using a Cyclin
E cDNA clone (C. Lehner), and dacapo cDNA clone was obtained from the
Drosophila Genetic Resource Center (DGRC). The cDNAs were subcloned in
a gateway cassette UASp promoter vector from DGRC and injected in fly
embryos. Fly transformants with insertion on the second and third chromo-
somes, respectively, were recovered.
Histochemistry and Imaging
Antibody staining of ovaries was performed using our published protocols (Io-
vino et al., 2009). The following antibodies were used for whole-mount stainingDevelopin this study: mouse anti-Orb, 1:1,000 (I. Busseau); mouse anti-BicD, 1:20 (B.
Suter); mouse anti-C(3)G, 1:500 (I. Busseau); rabbit anti-H3K27me3, 1:100
(Millipore 07-449); mouse anti-H3K27ac, 1:100 (MABIO339); rabbit anti-
H3K4me3, 1:100 (Millipore 07-473); mouse anti-CycA, 1:20 (Developmental
Studies Hybridoma Bank), rabbit anti-CycE, 1:50 (H. McNeill); rabbit anti-
CycE, 1:500 (Santa Cruz Biotechnology, sc-33748); mouse anti-Dap, 1:20
(Developmental Studies Hybridoma Bank); rabbit anti-Pc, 1:100; rabbit anti
Su(z)12, 1:100 (J. Muller); rabbit anti-H3K4me1, 1:100 (Millipore 07-436); rabbit
anti-H3S10P, 1:100 (Millipore 3H10). EdU incorporation was performed
according to the manufacturer’s guidelines (Click-iT EdU, Invitrogen). For
E(z), we used two different antibodies. The first is a rabbit anti-E(z) (J. Muller)
that was used at 1:100 dilution. The second was developed in our laboratory,
and it is a rabbit antibody directed against the first 154 amino acids of the E(z)
protein. Both antibodies gave the same results. All secondary antibodies were
used at 1:1,000 dilution (Molecular Probes). RNA in situ hybridization proce-
dures are described in Iovino et al. (2009). RNA sense and antisense probes
were prepared from PCR products amplified using oligos ctacttggccgtcgac
tacc and gccttctgggagatcactcg for CycE and oligos cccgagtcctgaatcctgtg
and tttttggctgtctcttgcgc for dap.
Images were obtained with an inverted Zeiss LSM780 fitted with a UV laser.
To quantify protein levels, we used Imaris for three-dimensional visualization of
stacks of 30 0.48-mm confocal sections of staged egg chambers. Nuclei
were detected using DAPI staining and a threshold-based Isosurface segmen-
tation. Average staining intensity in the segmented nuclei of interest was then
measured.
ChIP
Same amounts of dissected ovaries from young WT (enriched in early stages)
and E(z)-KD flies were dissected in PBS buffer. Ovaries were crosslinked in
1 ml A1 buffer (60 mM KCl, 15 mM NaCl, 15 mM HEPES [pH 7.6], 4 mM
MgCl2, 0.5% Triton X-100, 0.5 mM dithiothreitol (DTT), and complete EDTA-
free protease inhibitor cocktail [Roche]), in the presence of 1.8% formaldehyde
and homogenized at the same time in a douncer followed by incubation for
15 min at room temperature. Crosslinking was stopped by adding 225 mM
glycine followed by incubation for 5 min. The homogenate was transferredmental Cell 26, 431–439, August 26, 2013 ª2013 Elsevier Inc. 437
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PRC2 Controls Drosophila Oocyte Cell Fateto a 1ml tube and centrifuged for 5min, 4,0003 g at 4C. The supernatant was
discarded, and the nuclear pellet was washed three times in 3ml A1 buffer and
once in 3 ml of A2 buffer (140 mM NaCl, 15 mM HEPES [pH 7.6], 1 mM EDTA,
0.5 mMEGTA, 1%Triton X-100, 0.5mMDTT, 0.1% sodium deoxycholate, and
protease inhibitors) at 4C. After the washes, nuclei were resuspended in A2
buffer in the presence of 0.1% SDS and 0.5% N-lauroylsarcosine and incu-
bated for 30 min on a rotating wheel at 4C. Chromatin was sonicated using
a Bioruptor (Diagenode) for 15 min (settings 30 s on, 30 s off, high power).
Sheared chromatin had an average length of 300 to 700 base pairs. After son-
ication and 10 min high-speed centrifugation, fragmented chromatin was
recovered in the supernatant. Chromatin was precleared by addition of
50 ml of Protein A-Agarose (PA) suspension (Roche 11134515001) followed
by overnight incubation at 4C. PA was removed by centrifugation, antibodies
at dilution 1:100 were added to the supernatant (a control in the presence of
rabbit preserum [Mock IP] was performed at the same time), and samples
were incubated for 4 hr at 4C in a rotating wheel. PA (50 ml) was added,
and incubation was continued overnight at 4C. Antibody-protein complexes
were collected by centrifugation at 4,000 rpm for 1 min, and the supernatants
were discarded. Samples were washed four times in A3 (A2+ 0.05% SDS)
buffer and twice in 1 mM EDTA, 10 mM Tris (pH 8) buffer (each wash, 5 min
at 4C). Chromatin was eluted from PA in 250 ml of 10 mM EDTA, 1% SDS,
50 mM Tris (pH 8) at 65C for 15 min, followed by centrifugation and recovery
of the supernatant. The eluate was incubated overnight at 65C to reverse
crosslinks and treated with Proteinase K for 3 hr at 50C. Sodium acetate
(110 mM)was added to the samples, phenol-chloroform extracted, and ethanol
precipitated in the presence of 20 mg glycogen. DNA was resuspended in
100 ml of water. Immunoprecipitated DNA was used to validate enrichment
of specific DNA fragments by qPCR (see Figures S4A and S4B) Note that,
for E(z) ChIP, the data presented were obtained with the antibody from Ju¨rg
Mu¨ller. The Cavalli antibody was also used in ChIP, with very similar results,
but the IP quality was lower, as indicated by the larger fluctuation of the signals
in the negative controls. Primer sequence lists are found in the Supplemental
Experimental Procedures.SUPPLEMENTAL INFORMATION
Supplemental Information includes Supplemental Experimental Procedures,
four figures, and two movies and can be found with this article online at
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